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INTRODUCTION 


A  silver  wire  electrode  has  been  found  to  be  an  effective  working 
electrode  for  the  voltammetric  determination  of  nitrate  esters  and 
aromatic  nltro  compounds  in  water  (Reference  1).  The  search  for  such  an 
electrode  was  prompted  by  Interest  on  the  part  of  ordnance  facilities  in 
the  monitoring  of  effluent  waters  for  contamination  by  materials  such  as 
propyleneglycoldlnltrate  (PGDN),  nitroglycerin  (NG),  dlnltrotoluene 
(DNT),  and  trinitrotoluene  (TNT).  Commercially  available  voltammeters 
are  too  expensive  and  complex  for  purposes  of  bench  or  field  testing, 
and  a  portable  digital  voltammeter  has  been  developed  at  the  Naval 
Weapons  Center  (NWC).  The  voltammeter  was  built  by  the  Electronics 
Systems  Branch  at  the  request  of  the  Instrumental  Chemical  Analysis 
Branch.  This  report  describes  the  construction,  circuitry,  software, 
and  operation  of  the  instrument. 


GENERAL  DESCRIPTION 


The  voltammeter  is  designed  to  operate  in  conjunction  with  a  silver 
wire  working  electrode,  a  platinum  wire  counter  electrode  and  a  standard 
calomel  electrode  (SCE)  or  sllver/sllver  chloride  reference  electrode. 

A  diagram  of  the  system  is  shown  in  Figure  1 . 

The  control  unit  was  designed  to  meet  the  following  criteria: 

1.  Portable.  Housed  in  aluminum  instrument  case.  Size:  18  x  13 
X  5  Inches  (45  x  32.5  x  12.5  cm). 

2.  Semiautomatic.  For  simple  operation  by  field  personnel. 

Powered  by  conventional  115  V  AC. 

3.  Drive  solid  electrodes  with  slow  varying  voltage  ramps. 

4.  Take  measurements  of  electrode  currents  for  signal  processing. 

5.  Calculate  the  contamination  level  in  parts  per  million  (ppm) 
and  provide  this  value  on  hard  copy  printout. 
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FIGURE  1.  Diagram  of  the  Voltammeter. 

Expected  levels  of  contamination  to  be  measured  by  the  Instrument 
are  in  the  range  of  0.1  to  10  ppm.  Although  designed  specifically  to 
measure  contamination  by  PGDN,  it  can  be  used  to  measure  contamination 
by  other  nitrate  esters  and  nltro  compounds  which  have  similar 
voltammograms,  e.g.,  NG,  DNT,  and  TNT. 

The  equipment  setup  for  performing  the  digital  voltammeter  test 
consists  of  the  electronic  control  unit  and  the  test  solution  chamber 
with  solid  electrodes.  The  test  chamber  apparatus  will  consist  of  the 
test  solution  in  the  chamber,  with  means  to  support  three  electrodes  in 
the  solution.  A  cable  connects  the  control  unit  to  the  top  of  the  solid 
electrodes.  The  electronic  control  unit  will  sit  on  a  workbench  and 
plug  into  115  V  AC  for  power.  Three  analog  test  points  are  provided  on 
the  front  panel  to  drive  an  X-Y  recorder.  Use  of  an  X-Y  recorder  is  not 
necessary  for  normal  use  of  this  system. 

A  connector  on  the  front  panel  mates  the  cable  to  the  test 
chamber.  The  cable  has  color-coded  clips  that  readily  attach  to  the 
electrodes.  A  brief  outline  follows  which  describes  basic  operation  of 
a  single  testing  of  a  test  solution. 

1.  Prepare  the  test  chamber. 

2 .  Power  on . 

3 .  Run  in  BLANK  mode . 
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4.  Prepare  the  chamber.  Run  In  CAL  (calibration)  mode. 

5.  Prepare  the  chamber.  Run  In  TEST  mode. 

6.  Printer  supplies  hard  copy  of  results. 

7 .  Power  of  f . 

Each  "run"  will  take  a  little  less  than  4  minutes  to  complete. 

The  system  provides  a  slow  varying  voltage  ramp  to  the  electrodes. 
As  the  ramp  voltage  Increases  in  absolute  value,  the  chamber  solution 
reacts  chemically,  characterized  by  a  varying  electric  current  In  the 
working  electrode,  which  la  proportional  to  the  amount  of  chemical 
contamination  in  the  solution.  This  varying  electric  current  Is  ampli¬ 
fied,  measured,  and  stored  Internally.  The  heart  of  the  electronics 
system  Is  the  Intel  8085  microprocessor.  Under  software  control,  the 
system  subtracts  the  background  current  from  the  current  due  to  the 
contaminant,  then  the  system  calculates  the  concentration  of  contaminant 
(range:  0.1  to  10.0  ppm)  by  comparison  with  the  current  obtained  from  a 
known  standard  solution.  The  calculated  concentration  In  ppm  Is 
displayed  and  printed  out  on  hard  copy. 


DESCRIPTION  OF  CONTROLS 

Figure  2  is  a  diagram  of  the  front  panel  of  the  voltammeter.  A 
brief  description  of  each  part  of  the  front  panel  is  given. 

Ammeter 


Indicates  current  flow  between  working  and  counter  electrodes. 
Month/ Day 

Date  Is  dialed  manually  by  operator  before  start  of  the  day's 

runs. 

Light  Emitting  Diode  (LED) 

These  four  lights  are  Illuminated  In  succession  during  a  run  to 
Indicate  the  completion  of  the  three  fast  voltage  scans  and  the  start  of 
the  slow  scan. 

Standard  Concentration 


Indicates  concentration  of  solution  used  for  standard.  Correct 
value  In  ppm  is  dialed  manually  by  operator  before  start  of  run. 
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Mode  Swl t  ch 


When  this  switch  is  set  to  BLANK,  CAL,  or  TEST,  the  electrode  cell 
is  placed  into  the  circuit  and  the  resulting  current  flow  shows  on  the 
anmeter . 

Display  (ppm) 

Shows  Integral  part  of  number  which  is  printed  by  microprocessor. 

Run 


Pressing  of  this  button  actuates  the  sequence  of  three  rapid  volt¬ 
age  scans  followed  by  one  slow  scan. 

Reset 


Pressing  of  this  button  aborts  any  run  in  progress.  Results  from 
previous  runs  are  retained  in  memory. 


SYSTEM  DESCRIPTION 


Figure  3  is  a  diagram  of  the  entire  system.  The  electrode  current 
amplifier  converts  the  electric  current  to  a  voltage,  amplifies  it,  and 
scales  it  properly  to  drive  the  analog  meter  and  the  sample/hold  ampli¬ 
fier.  The  analog  meter  is  a  real-time  display  of  the  relative  amplitude 
of  the  electrode  current  (signal  Y).  The  sample/hold  amplifier  is  under 
software  control  and  includes  an  analog-to-digltal  (A/D)  conversion  of 
the  signal  for  the  microprocessor.  The  scan  generator  circuits  consist 
of  a  dlgltal-to-analog  (D/A)  converter  and  scaling  amplifiers. 

Software  controls  the  rate  of  both  types  of  scans  (fast:  50  mV/s; 
slow:  5  mV/s).  The  output  labeled  X  is  the  voltage  ramp,  which  is  made 

available  at  an  X-Y  recorder  terminal,  and  also  goes  to  the  counter 
electrode  at  the  chamber.  The  reference  electrode  signal  is  brought 
into  this  circuit  and  added  to  the  counter  electrode  signal  to  maintain 
a  correct  drive  potential  to  the  chamber. 

Front  panel  control  switches  Include  a  system  RESET  switch,  RUN 
switch,  and  mode  selection  rotary  switch.  Their  functions  are  detailed 
later.  Front  panel  thumbwheel  switches  provide: 

1.  Setting  in  numbers  which  indicate  month  and  day.  These  digits 
will  be  printed  on  the  hard  copy  printout. 

2.  Standard  solution  concentration  number  (usually  set  at  1). 
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FIGURE  3.  System  Diagram,  Voltammeter  Electronic  Unit. 
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The  digital  printer,  DATEL  DPP-Q7 ,  is  a  self-contained  numeric 
thermal  printer.  It  Is  controlled  by  microprocessor  software  and  will 
print  the  date  and  the  resultant  contamlnat Ion  level  In  ppm.  The  LED 
numeric  digital  display  will  Indicate  the  test  results  In  ppm  and  may  be 
used  for  diagnostic  tests  on  the  system  or  display  of  intermediate 
results. 

There  Is  a  set  of  four  individual  light-emitting  diode  lamps  on  the 
front  panel  that  will  Indicate  the  progress  in  real  time  of  a  RUN 
sequence.  The  power  supply  for  the  unit  is  Internal  and  is  powered  by 
115  V  AC.  An  on/off  switch,  fuze,  and  power-on  lamp  are  on  the  front 
panel . 

Figure  2  shows  the  front  panel  layout.  The  analog  meter,  scaled 
for  0  to  2  V  DC,  shows  the  relative  magnitude  of  electric  current  coming 
from  the  working  electrode  during  any  scan  (fast  or  slow — in  any  of  the 
three  modes)  in  real  time.  The  rotary  switch  is  used  to  select  the  mode 
of  operation  for  a  run  operation.  The  off  position  means  that  no  mode 
is  selected  and  presents  an  off  condition  to  the  electrodes.  An  off 
condition  for  the  electrodes  is  working  electrode  grounded,  counter 
electrode  open,  and  reference  electrode — no  change. 

Figure  4  illustrates  the  basic  circuit  for  operation  of  the  elec¬ 
trodes  in  a  run  condition  and  In  an  off  condition.  The  rotary  switch  is 
to  be  set  to  OFF  when  preparations  are  made  to  the  test  chamber.  Just 
before  pressing  RUN  to  start  a  run  sequence,  the  rotary  switch  is  set  to 
the  desired  mode.  At  the  conclusion  of  a  run  (i.e.,  when  all  four  lamps 
are  on  and  a  value  is  present  on  the  digital  display),  the  rotary  switch 
is  returned  to  off. 

There  are  two  momentary  push  button  switches.  The  RUN  switch,  when 
activated,  initiates  active  running  of  the  software  program.  Once 
pressed,  the  system  begins  running  and  continues  to  completion  of  a 
cycle  (just  less  than  4  minutes)  unless  reset.  The  RESET  push  button 
will  interrupt  any  operation  and  set  the  system  in  a  reset  state 
awaiting  a  run  command.  Use  of  the  reset  switch  would  occur  when  it  is 
necessary  to  halt  the  system  operation  and  start  over.  Stored  data  from 
previously  completed  runs  will  be  retained  in  memory  when  the  system  is 
reset . 

The  digital  display  of  two  digits  will  primarily  be  used  to  display 
final  results  of  a  test  in  ppm.  During  active  operation  and  in  the 
reset  condition  this  display  will  be  blank.  The  four  LED  lamps  will 
show  progression  through  a  single  test.  They  will  light  under  the 
following  conditions: 

LED  1  At  conclusion  of  first  FAST  scan. 

LED  2  At  conclusion  of  second  FAST  scan. 
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LKD  3  At  conclusion  of  third  FAST  scan. 

LED  4  At  conclusion  of  the  60-second  pause. 

All  four  LEDs  lit  at  once  Indicate  that  the  three  preparation  scans  and 
the  pause  have  been  completed,  and  that  the  system  will  Immediately 
begin  a  slow  scan  In  the  selected  mode.  At  the  end  of  a  slow  scan,  the 
digital  display  will  turn  on  with  the  resultant  parameter  for  that 
mode.  This  concludes  a  "run."  Pressing  RUN  or  RESET  will  Immediately 
turn  the  digital  display  and  the  four  LEDs  off. 

Figure  5  Is  a  diagram  of  the  electronics  system.  The  Intel  8085 
microprocessor  Is  the  controller  for  the  system.  It  Is  wired  on  the 
PLS-858  card,  a  standard  microcomputer  card  from  Pro-Log  Corporation, 
which  Includes  system  memory  circuits.  The  software  program  In  machine 
language  Is  stored  In  two  erasable  programmable  read-only  memory  (EPROM) 
devices.  These  memory  devices  were  programmed  with  the  Tektronix  8002 
Microcomputer  Development  System.  The  analog  circuits  card  was  built 
and  designed  at  NWC  and  contains  Integrated  circuit  amplifiers  and  data 
converters  to  process  signals  for  the  first  prototype  and  was  replaced 
with  a  printed  circuit  (PC)  Board  In  the  second  unit  that  was  built. 

The  thumbwheel  switches  circuit  Is  contained  on  a  PC  board  and  Is  now 
readily  reproducible.  The  digital  display  board  Is  presently  wire  wrap 
and  could  be  replaced  with  a  PC  board  directly.  The  printer  Interface 
is  also  In  wire  wrap  and  could  be  replaced  by  a  PC  board,  or  may  com¬ 
pletely  be  eliminated  by  replacing  the  numeric  printer  with  a  more  com¬ 
plex  alphanumeric  serial  input  printer.  Such  a  printer  could  provide 
lettering  on  the  printout  as  an  added  clarity  feature  and  would  inter¬ 
face  more  directly  with  the  microprocessor.  This  alphanumeric  printer 
costs  half  again  as  much  as  the  numeric  printer.  The  rest  of  the  wiring 
is  point-to-point  wiring  and  has  been  designed  to  be  kept  to  a  minimum 
(many  signals  are  transferred  serially  instead  of  as  8-blt  parallel 
Information). 

The  analog  meter  Is  a  rugged,  watertight,  sealed  unit,  built  to 
withstand  the  rigors  of  travel  and  abuse  which  the  system  may  encounter 
In  normal  usage.  It  Is  of  much  higher  quality  than  standard  meters  and 
Is  scaled  to  be  driven  by  0  to  2  V  DC  signals.  It  will  display  electric 
current  variations  through  the  working  electrode.  The  thumbwheel 
switches  circuit  and  the  digital  display  board  were  wrapped  for  the 
first  prototype  and  were  replaced  with  PC  boards  In  the  second  unit. 

The  power  supplies  are  standard  modules  to  convert  115  V  AC  to  +5  V  DC 
and  to  +15  V  DC.  This  entire  electronics  system  is  mounted  to  the  back 
of  the  front  panel  so  that  It  will  lift  out  of  the  case  easily  for 
servicing  and  modifying. 

Appendix  A  shows  detailed  schematics,  chassis  wiring  diagrams,  and 
component  layouts. 
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SPECIFICATIONS 


Following  Is  a  list  of  specifications  for  the  voltanuneter . 

1 .  Provide  FAST  and  SLOW  scans 
FAST  defined  as  50  mV/s 
SLOW  defined  as  5  mV/s 

2.  Voltage  range  of  linear  DC  ramps  during  a  scan 
FAST  scans  from  -0.30  to  -1.20  V 

SLOW  scans  from  -0.30  to  -0.80  V 

These  potential  limits  are  adjustable  by  changing  parameter  values 
in  software. 

3.  The  rotary  switch  will  determine  the  mode  of  operation 
OFF 

BLANK,  pure  solution  In  the  chamber 
CAL  (calibration),  with  1  ppm  standard 
TEST,  for  testing  the  unknown 

4.  Pressing  the  RUN  button  will  cause  the  following 
Preparation  scan  1  FAST 

Preparation  scan  2  FAST 
Preparation  scan  3  FAST 
60-second  pause 
Measuring  scan  SLOW 

5.  It  will  be  understood  by  the  operator  that  the  three  FAST  scans 
will  prepare  the  electrodes,  and  that  during  the  one  SLOW  scan  the 
electrode  current  will  be  measured,  processed,  and  recorded. 

6.  Provide  digital  readout — two  numeric  digits  will  show  ppm 
levels  of  contamination. 

7.  Provide  outputs  capable  of  driving  an  X-Y  recorder. 

8.  Provide  thumbwheel  switch  to  select  ppm  level  of  the  standard 
solution  (usually  1  ppm). 

9.  An  electrical  connector  on  the  front  panel  will  mate  with 
cables  from  the  electrodes. 
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10>  It  Is  esclmated  that  a  1  ppm  contamination  level  causes  a 
change  In  electrode  current  of  0.35  to  0.55  pA.  During  a  CAL  run  this 
much  current  difference  should  be  observed.  The  software  design  could 
be  modified  to  test  for  this  condition.  A  test  failure  would  Indicate  a 
faulty  electrode,  an  Incorrect  solution  mixture,  or  some  similar  fault. 

11.  The  printer  will  provide  a  hard  copy  printout  of  final  results 
In  ppm  of  contaminant. 

12.  The  analog  meter  will  display  the  relative  magnitude  of 
electrode  current  In  real  time. 

13.  During  the  SLOW  scan,  a  sample  window  will  exist  from  which  the 
microprocessor  will  take  samples  of  the  electrode  current.  The  micro¬ 
processor  will  record  each  sample,  select  the  peak  sample,  and  store 
this  peak  value  as  the  electric  current  level  for  that  scan. 

14.  The  sample  window  is  defined  as  the  time  during  which  the 
electrode  potential  varies  from  -0.45  to  -0.65  V,  during  a  SLOW  scan. 

15.  The  sample  and  hold  amplifier  circuit  Includes  an  A/D 
converter.  Measured  electric  current  through  the  working  electrode  of 
40  pA  will  set  the  sample  and  hold  amplifier  to  9.99  V,  which  is  its 
limit  of  measurement.  Electric  currents  exceeding  40  pA  will  saturate 
the  amplifier  and  give  false  results  from  the  system. 

16.  Table  1  shows  the  basic  parameters  to  be  measured  and/or 
manipulated  by  the  system,  and  lists  their  expected  limits. 

TABLE  1.  Basic  Parameters  and  Expected  Limits. 


Parameter 

Software 

mnemonic 

Electric 

current 

from 

electrode  ' 

Analog 

voltage 

range 

Range  of 
values  In 
software 

BLANK  solution® 

IBLNK 

0-10.80 

pA 

0-2.70  V 

00-4516 

CAL  solution® 

IMCAL 

0-14.40 

pA 

0-3.60  V 

00-5Ci6 

TEST  solution® 

IMTST 

0-36 .00 

pA 

0-8.99  V 

00-E5i6 

Calibration  standard 

CS 

usually  1 

Dilution  factor 

DF 

1.  2,  3, 

or  4 
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MICROPROCESSOR  PROGRAM 

Th«*  Intel  8085  microcomputer  software  program  was  developed  in 
assembly  language  with  the  use  of  the  Tektronix  8002  Microcomputer 
Development  System.  The  machine  language  program  was  derived  from  the 
assembly  language  listing  and  stored  on  EPROMs  to  be  used  as  hardware 
for  the  Digital  Voltammeter  System.  Figure  6  Is  a  general  flowchart  of 
the  program.  Appendix  B  Includes  the  detailed  flowcharts  and  the  list 
code  printout  for  the  entire  software  program. 

CALCULATIONS 

Table  2  shows  the  sequence  of  calculations  of  the  digital  voltam¬ 
meter.  The  terms  used  In  the  equations  are  defined  in  Table  1  and  on 
page  17.  The  following  definitions  apply  to  the  parameters  used  by  the 
software  program.  A  mnemonic  Is  assigned  to  each  parameter. 

TABLE  2.  Sequence  of  Calculations  of  the  Digital  Voltammeter, 


Mode 

Function 

BLANK 

CAL 

TEST 

Parameter 
(peak  of  20) 

IBLNK 

IMCAL 

IMTST 

Calculations 

None 

I  CAL 

(IMCAL-IBLNK) 

CS 

IMBTST  =  IMTST  -  IBLNK 

CS 

usually  =  1 

DF  »  ] ,  2,  3,  or  4 

1 

IPPMDF  =  (IPPMXDF) 

(IMBTSTXDF) 

ICAL 

Marker 

1 

2 

3 

Results 


IBLNK 


I  CAL 


IPPMDF 
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INPUT  PARAMETERS 


IBLNK 

The  peak,  value  of  20  samples  of  measured  electrode 
current  in  the  BLANK  solution.  A  measured  quantity 
scaled  for  software  use. 

IMCAL 

The  peak  value  of  20  samples  of  measured  electrode 
current  In  the  CAL  solution.  A  measured  quantity  scaled 
for  software  use. 

IMTST 

The  peak  value  of  20  samples  of  measured  electrode 
current  In  the  TEST  solution.  A  measured  quantity  scaled 
for  software  use. 

CS 

Calibration  factor;  represents  the  concentration  level  In 
the  CAL  solution.  Usually  equal  to  1  ppm.  Set  as  a 
factor  in  software  or  dialed  in  by  the  front  panel  ppm 
switch. 

DF 

Dilution  factor;  the  factor  applied  to  the  calculated 
concentration  level  In  TEST  solution  assuming  no  dilution 
effects  when  preparing  the  solution.  Set  as  a  factor  In 
software.  Usually  equal  to  1,  2,  3,  or  4. 

CALCULATED 

PARAMETERS 

ICAL 

Value  proportional  to  the  differential  amount  of  electric 
current  equivalent  to  1  ppm. 

IMBTST 

Value  proportional  to  the  differential  amount  of  current 
from  TEST  solution  compared  to  BLANK  solution. 

I  PPM 

Contaminant  concentration  In  TEST  solution,  not 
considering  a  dilution  factor. 

IPPMDF 

Contaminant  concentration  In  TEST  solution  including  the 
dilution  factor.  The  final  result. 

EQUATIONS  TO  BE  PROCESSED 

Given  parameters  (measured  values  and  scale  factors)  =  IBLNK, 
IMCAL,  IMTST,  CS,  and  DF. 


(IMCAL  -  BLNK) 

ICAL  = -  (1) 

CS 
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A 

IMBTST  -  IMTST  -  IBLNK  (2) 


IMBTST 

IPPM  -  -  (3) 

ICAL 


IPPMDF  -  (IPPMXDF) 


(4) 


( IMBTST) (DF) 
ICAL 


(5) 


OPERATING  PROCEDURE 


1.  Plug  power  cable  Into  panel  (upper  right)  and  connect  to  115V  AC. 

2.  Connect  electrode  cable  to  panel  (lower  left).  With  electrodes 
Inserted  into  cell,  connect  leads  to  electrodes  as  follows: 

a.  WKG  lead  to  working  electrode. 

b.  AUX  lead  Co  auxiliary  (counter)  electrode, 

c.  REF  lead  to  reference  electrode. 


The  GND  lead  need  not  be  connected,  but  should  be  grounded  for  optlnua 
results. 

3.  Set  mode  switch  to  the  uppermost  OFF  position. 

4.  Dial  thumbwheel  switches  to  correct  date  (month/day) . 

5.  Set  STANDARD  dial  to  concentration  In  ppm  that  will  be  used  for  a 
standard. 

6.  Turn  power  ON. 

7.  Measure  blank  solution  (distilled  water  +  salt  +  buffer)  Into  cell. 
Deaerate  for  about  20  minutes. 

8.  Set  mode  switch  on  BLANK. 

9.  When  ammeter  needle  is  steady,  press  RUN.  Observe  three  fast  pre¬ 
paratory  scans,  60-8econd  pause,  and  one  slow  measuring  scan.  The  four 
small  lights  to  the  left  of  the  ammeter  will  light  up  in  succession  at 
the  end  of  each  fast  scan  and  at  the  end  of  the  60-second  pause.  At  end 
of  run,  the  printer  will  print  date  and  the  display  will  show  a  random 
number. 
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10.  Turn  mode  switch  counterclockwise  to  next  OFF  setting. 

11.  Add  standard  PGDN  (or  other  analyte)  to  blank  to  yield  final  concen¬ 
tration  equal  to  setting  on  STANDARD.  Deaerate  for  about  50  seconds. 

12.  Turn  mode  switch  to  CAL. 

13.  When  ammeter  needle  Is  steady,  press  RUN.  Observe  three  preparatory 
scans,  60-second  pause,  and  one  slow  measuring  scan.  Printer  will 
advance  without  printing  any  number. 

14.  Turn  mode  switch  counterclockwise  to  next  OFF  setting. 

15.  Add  salt/buffer  to  unknown  solution,  measure  solution  Into  cell,  and 
deaerate  for  about  20  minutes. 

16.  Turn  mode  switch  to  TEST. 

17.  When  ammeter  needle  Is  steady,  press  RUN.  Observe  three  preparatory 
scans,  60-second  pause,  and  one  slow  measuring  scan.  Printer  will  print 
unknown  concentration  In  ppm  (to  one  decimal  figure).  Display  will  show 
whole  number  part  of  concentration. 

18.  Turn  mode  switch  to  next  OFF  setting, 

19.  For  any  additional  unknown  solutions,  repeat  steps  15-18. 

20.  To  abort  a  run,  press  RESET.  Printer  will  then  print  random 
numbe  r . 

21.  For  use  In  conjunction  with  an  X-Y  recorder,  make  the  following 
connections: 

a.  X  on  voltammeter  to  (+)  input  of  X  on  recorder. 

b.  Y  on  voltammeter  to  (+)  input  of  Y  on  recorder. 

c.  GND  on  voltammeter  to  (-)  Input  of  Y  on  recorder. 

d.  (-)  Input  of  X  to  (-)  input  of  Y  on  recorder. 

Recorder  settings: 

a.  X  =  100  mV/tnln 

b.  Y  =  1  V/lnch  for  fast  scan, 

100  raV/lnch  for  slow  scan  when  concentrations  greater 
than  3  ppm, 

10  mV/mln  for  slow  scan  when  concentrations  less  than 
3  ppm. 
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8085  EDGE  CARO  SYSTEMS 
PLS-858  ONE  CARD  SYSTEM 


The  PLS-856  ■$  a  complete  8065  m'croprocessor  system  on  one  4'^'  k  6  v"  circuit  cafd  The  system  provides  a  Sd-pm  card  edge  connector 
that  issimilar  to  theexistmg  Pro-Log  PL S-B6t  microprocessors  ThePLS-BSSmcorporetesati  the  elements  ot  the  highly  popular  PL5*68i 
and  PLS-888  and  expands  on  them  The  PLS-8S6  otters  the  capability  ot  expending  program  memory  to  61 92  bytes  using  2046  byte  D2002 
PROM  (271 6  or  equivalent)  The  PlS-856  also  comes  with  1024  bytes  ol  read  write  rnemory  andean  be  expanded  to  2048  bytes  simply  by 
plugging  -n  two  additional  01004  flAMs  (2114  or  equivalent)  Like  the  companion  PlS  cards  the  more  powertui  PL  S-B58  includes  three 
output  ports  and  two  mput  ports  at  the  card  edge,  however  I/O  can  be  expanded  to  eight  input  and  eight  output  ports  with  a  simple  ribbon 
cable  expansion  system  that  accesses  the  data  bus  and  uO  decoder  strobe  The  PLS-658  oHers  5  external  interrupts,  a  serial  input  ime 
and  a  serial  output  line.  320  nanosecond  time  states,  and  single  *5V  supply  operation  To  utilize  the  full  power  of  the  8085  and  add 
versatility  to  the  PLS-SSe.  an  interrupt  expansion  connector  is  provided 

FEATURES 
«  sots  Proceaaor 

•  2K  Byte  RAM  cepecity  with  IK  Included 

•  Sockets  ter  8K  Bytes  2716  EPROM 
«  Cryatel  Clock 

•  320  Nenosecond  State  Time 

•  Power-oR  and  Eitemei  Reeet 


PLS-858  ONE  CARD  SYSTEM 


•  Three  8-Btt  Output  Porta 

•  Two  B-BH  Input  Porta 

•  Estemal  Port  Expanalon  to  16  porta 

•  Fhre  interrupta 

•  1  Each  Sertal  Input  and  Output  Lines 

•  Program  CompailMa  with  8000  Systems 

•  Slr>gls  ♦$¥  Supply 


FIGURE  A-1.  One  Card  System  Description 
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SPECIFICATIONS 


CAAO  OfMENSfONS 

•  4  50  in  ( n  43  cm)  high  by  6  50  m  (16  5i  ctn)  long 

•  0  48  in  ( 1  22  cm)  maximum  profile  thickness 

•  0  062  in  (0  16  cm)  printed  circuit  board  thickness 

CARD  INCLUDES 

•  Card  elector 

•  One  8065  Processor 

•  IK  8-bit  bytes  21 14  RAM  and  sockets  for  second  1K  bytes 

•  Four  ROM  sockets  tor  27t6  PROMs 

•  Crystal  clock  circuit  and  provisions  for  external  clock 

•  Pov»ei-on  and  external  reset 

•  2  input  ports  te-bit) 

■  3  Output  ports  (8-bit) 

INSTRUCTION  EXECUTION  CAPABILITY 

•  Executes  an  of  the  8085  Processor  instructions 

•  0  32  microseconds  lime  slate  Cycle  iO  05‘kd  at  25'C  lO  i%  O-SS-'C 

•  Instructions  require  from  4  to  8  lime  states 

MEMORY 

«  Maximum  Access  Time  0  450  microseconds 

•  PROM  27  ^6  or  s<juival^nt 

•  RAM  21 14  or  equivalent 

INPUTS  (Active  low  except  where  noted,  loading  t  LSTTL  load) 

•  16  Data  Lmes  (2  input  Ports) 

•  Pori  Expansion  Oata  Bus  {ji  active  high) 

•  5  interrupt  Requests  (J3  three  at  card  edge) 

•  1  Serial  Input  Line  (active  high) 

•  1  Reset  Control  tme 

•  1  ROY  'active  high) 

OUTPUTS  (Active  (ow  except  where  noted,  drive  5  TTl  loads) 

•  24  L  atcned  Output  Data  Lines  (3  output  ports) 

•  Port  Expansion  Data  Bus  iji  active  high) 

•  2  System  Reset  <J2  and  card  edge) 

•  i  Clock  'Signal 

«  1  Serial  Output  Oata  (J3  active  high) 

•  6  (npuf  Port  Strobes  <J2) 

•  5  Output  Port  Strobes  (J2! 

POWER  REQUIREMENTS 

•vCC  *5  vods  i5%  at  1  2  A  max  fully  loaded  (100  mA  per  ROM 
100  mA  per  RAM) 

GNO  0  volts 

OPERATING  TEMPERATURE  RANGE;  0>5S''C 
CONNECTOR  REQUIREMENTS; 

36  pin  28  position  dual-readout  on  0  i25  m  (0  318  crni  centers 


I  0  POAT  EXPANSION  SOCKETS 


01  «_ 
ob  j_ 
oax 
ob  1  ' 
01  _r 
ob  s 

01  > _ 


Ol-I 

bb  4 
00  r  ’ 
0  04 

b1-»  ’ 

014 

OH 


Jl  COnTAOI  and  power 


•»  >• 
•S  •• 
IS  »• 
JS4- 
OVS- 

bs-'r’ 


owo 

OS-J' 


•tVOCTS 
SVOtTS  ' 


JJ  INTERRUPTS  S  HISC 


PRO-LOG 

(.OHfMIHATidN 


2411  Garden  Road 


102694  3  78 

TVXX  9i0-36a-'082 
Monterey  California  93940  Telephone  (408' 372-4593 


FIGURE  A-2.  One  Card  System  Specifications. 


FIGURE  A-3.  Diagram  of  PLS-858  Microprocessor  Circuit  Card 


FTCl'RI'  A-5.  Cliassis  Wiring  Diagram,  Digital  Voltammeter. 


»  2  1^14  I  S  i  »  •'  H  It  11  I*  »  /?  •!  It  ** 

f^ggffjjte.uHvftLi7  Ui/u>Kf2 


t 

28  ••;-■•:•■ 


I 


FIGURE  A-7.  Analog  Card  Component  Side,  Digital  Voltammeter . 


TENS  UNITS 
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IMr-UT/aUTPUT  CCWPJCCTiaiMS 


OPP  Q7  rniNIER  Plt>JOUT 
Refer  to  the  drawings  un  the  bottom  of  inqQ  6. 
Connecter  Pinouts  A/e  Shown  A»  Vicv*/ed  Ptotn  RoAr  Of  Printer 


CONNECTER  Cl 

n  _ ■ 

Oi;c  Pi  .0000 

Siijn  ** - ** 

Cao.  SuaV  Poijfiiy 

Dec  Pi  .00000 

No  Print  Advance 

Dec  Pi  .000000 

Logic  A  Pv/f.  Gnd. 
Sign  *M'* 

Leading  Zero  Suppress 

Dec  Pt  .0 

Dec  Pi  .000 

Ore  Pt  ,00 

Chq.  Print  Polarilv 

ECO  400.000 

BCD  80 

BCD  30 

BCD  8 

SCO  2 

BCD  40.000 

BCD  100.000 

BCD  10.0CO 

Chg.  Data  Polarity 

SCO  40 

♦SV  Lngic  Power 

BCD  400 

Pirirt  Command 

BCD  4.000 

SCO  4 

CONNECTER  C2 


BCOB.OOO 

BCD  800.000 

BCD  80,000 

End  of  Paper 

Logic  &  Pwr.  Gnd. 
Enable  Punt  Test 

BCD  800 

BCD  200.000 

BCD  20.C00 

8. 

9. 

BCD  2.000 

10. 

BCD  200 

11. 

Busy 

12. 

BCD  1.000 

+5V  Logic  Power 

13. 

BCD  10 

14. 

BCD  too 

BCD  1 

IS. 

NOTES 

1.  *5V  conwts  (C1-613  &  C7-B13)  are  internatty 
connected 

Z  Ground  contacn  (C1-A4  &  C2-85I  are  internatiy 
connected 

3.  Or  DC  Models.  *SVjr.'yrucis  (Ct  8t3  &  C2  BUf 
•'e  used  tor  i09'C  uoe^er  ir«out  tbV  r2\  aP  3A. 


t09»c  spikes  lest  than  SOmV,  pkok)  The;a  eSV 
logic  power  conracis  may  be  conn^Tei  to  me  h»9n 
current  rSV  spade  terminal  •>  -iaternai  leg-iiat^on 
Will  ho'd  *5  I  .25VCC  at  me  printer  while  print¬ 
ing  (Current  8  Amps  ma*> 

<  On  AC  Models.  ♦SV  contacts  <Cl  Bn  &  C2-Bt3f 

W»||  OroV»de'*5V  power  Put  at  LOOmA  ma«. 


GRCWWOC1-C11  ANO  CVR7  FOR  POSfTtVE  TKUt  INPUTS. 


BCD  IfiPUTS  Binary  Coded  C®*:  mai  inputs  are  shov/r>  ctoss*rcfercnccd  to  their  corresponding  connectors  and  pins. 


for  other  p'-m  (ormats  <«e  orrlertno 
9uid€,pr.  1 2)  bianiied  columns  wtM 
aP(M»r  Cstween  o-gns  snewn 


loo.oairt 

j  t  OOO  'i 

IXs 

1  ID'S 

I 

0«C»T< 

OiGiTS 

'  r»c>T  4 

OiCiT  3 

1  DIGIT? 

OIQIT  >  ! 

8  J  '  71  » 

$•  4 • :  1 1 

!  i) 4  1  7  •  1 

a  4  I  7  .  > 

8  ’  4  .  ?  ’ 

3  4  7  •  ' 

lA  !  ;si  ,A  I  |Ai  I  I  JAI 

; «i  I  j to;  ■ »?  '  |ts  '  i  tat  • _ 

i|  -a  it!  I  4!  •  BI  A  6  .t  4 

I  •  ?j  S|  ,  I  !  hOj  ’3  ■  7-  |t-  15 


I  BiA  A ;  ;  tia  4  :  ;  rt  3 
,  Sin  1  :  ^  IS;>0  j 

’  I  I  ^  ‘  I  ,*  I  ^  ^ 

I  !  '•  I  ;  i  's  C2  ? 


-  sy'  to«a<M  •'I*  t.a*  J  i-  •’t  •otrf'tr 


NOTF  =0  0\  F  LL  LC.'.iC  C  j\\'CTIO.-;S  C'^ECK  ^-SS'jLT.'.r.F  :CO.".G  O'J  L" 


FEr,'.^i-.ALS 


FIGURE  A-11.  input/uutput  Connections  for  Printer. 
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Tektronix  S0e3/8035 

ftSN  y3.3 

Pane  1 

i,  i)  3 1 

SFCTIOK' 

PAIN, ABSOLUTE 

G!  OBhl 

BSKLNE , KSCft.*' . PAUSE , SSCft'' .  LED ,  F^NtL ,  LAHO 

eo;!)3 

GLClfti 

UDfifE.LfCLTS  OFOCS.DLCLht  .r-Lm^-  .PFIELD  .FSCD 

COC'M 

GLCiftL 

r/J!616  IEN?.rO!J‘'T 

09005  2000 

rsG 

2900H 

00090  200'^  000  1 

IBLft.9K  BLOCK 

1 

0(1507  2001  0001 

ICAL 

BLOCK 

1 

000G9  2002  0002 

HEST 

BLOCK 

2 

00009  2094  9901 

LEDDGT  BLOCK 

1 

flflOlO  2005  OGGI 

ledlts  block 

1 

00011  20(6  0001 

cs 

BLOCK 

1 

00012  2007  OOCI 

KCCS 

BLOCK 

1 

00013  2003  0001 

DFCDftY  BLOCK 

1 

60014  2009  0001 

D'CfllH  BLOCK 

1 

00015  290ft  0092 

PFIELD 

BLOCK 

0 

u 

00016  209C  0032 

TEH? 

BLOCK 

2 

00017  2C9E  0001 

COUNT 

BLOCK 

1 

60018  0000 

ORG 

6000H 

00019  0900  F3 

DI 

00020  0001  31FF23 

LXI 

.SP.23FrH 

00021  0004  3EF:4 

MVI- 

A.0B4H  ;SFT  HUX  ADDRESS 

60022  0006  D301 

OUT 

1 

60023  0003  3E1B 

MVI 

A.IBH 

00024  OOOA  30 

SIN 

00025  OOOB  CDOOOO  ) 

CftLL 

BSFLNE  tlNITIALIZE  ANALOG  DRIVE  VOLTAGE 

00026  GOOE  3E00 

hVI 

A.03H  (INITIALIZE  LED  DISPLAYS 

00027  0010  320420 

STA 

LEDDGT 

00028  0013  3EeC 

m 

A,?CH 

0002?  0015  320520 

STA 

LEDLTS 

60030  0013  CDOOOO  ) 

CALL 

LED 

00031  OOIB  DBOl 

RUNT 

IN 

1 

00032  OOID  E634 

ANI 

fl4H 

00033  OOIF  CftlBOO 

JZ 

RUNT 

OOC34  0022  1638 

wr 

0,38H 

00035  0024  lEBO 

RUNTl 

HVI 

E.OBOH 

00036  0026  ID 

RUNT2 

DCR 

E 

00037  0027  C22600 

JNZ 

RUNT2 

00033  002ft  15 

DCR 

D 

00039  092B  C2240fl 

JNZ 

RUNTl 

C0040  002E  DBOl 

IN 

1 

00641  0030  E6Q4 

ANI 

04H 

00042  0032  CftlBOO 

JZ 

RUNT 

00043  0035  C33D00 

JNP 

BEGIN 

00044  603C 

ORG 

003CH 

00645  003C  E9 

PCHL 

00046  093D  3E80 

BEGIN 

HVI 

ft.OOH  (RESET  LED  DISPLAYS 

0DO47  003F  320420 

STA 

LEDDGT 

00048  0042  3E(.C 

HVI 

A.OCH 

00649  0044  32:520 

STA 

LEDLTS 

00050  0047  CDC090  > 

CALL 

LED 

00051  004.4  21C909  ) 

LXI 

H. WAITS  (SET  WAIT  VECTOR 

00052  034D  0600 

HVI 

B.OOH 

00053  004F  FB 

ULOOPl 

El 

(WAIT  5  SECONDS 
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Tpktronii  8380/8085  ASH  y3,3 


i 


000!^ 

50355 

orK)"-*. 

00057 

00058 

00059 

00060 

00061 

00062 

00063 

00060 

00C65 

00066 

00067 


00069 

80070 

00071 

00072 

00073 

00070 

00075 

00076 

00077 

00076 


0OC80 

00031 

00082 

08083 

00034 

00085 


00087 

00068 

00089 

00090 

60091 

00092 

00393 

03094 

00095 

00096 

80097 

00998 

00099 

00109 


00102 

10103 

00104 

00105 

10166 


OS50  21 
0351  £604 
10'3  fftAFOO 
0056  3E19 
01153  30 
0059  210000 
005C  010036 
005F  F6 
0066  20 
006!  E604 
C063  Ch5F00 
0066  Ct'jOOO 
0069  3EaC 
0066  320520 
0a6£  CDOQflO 
0071  3E1B 
0073  30 
0074  2_ 

0077  0600 
'’079  f6 
007A  20 
0076  £604 
tm  CA790fl 
0080  3F.1B 
0062  30 
0083  210000 
0'??6  010036 
0089  F6 
008A  20 
0036  £604 
0030  CA89(I0 

0099  croooo 

0093  3£CC 
0095  320520 
0098  CPOOOO 
0996  3£16 
009D  30 
00?£  210000 
3(!/ll  0690 
OCr'3  FB 
C9A4  20 
eOAS  £604 
00A7  CAA300 
COaA  3E1B 
OOAC  30 
0240  210080 
0060  01003B 
0963  FB 
00! 4  20 
0365  £604 
0967  CA6390 
(11.6;  CI'IOOO 
006D  3£EC 


FLOOPl 


(IH 

ANJ 

3Z 

04H  ■ 

W'JjOPl 

HVI 

SIH 

A.16H 

LXI 

H.FSCAN 

LXI 

El 

R!H 

B,3B00H 

ANI 

04H 

JZ 

FLOQPl 

CALL 

6SELME 

HVI 

A,8CH 

STA 

LEDITS 

CALL 

LED 

HVI 

SIH 

A.lBri 

LXI 

H,  WAITS 

HVI 
'  E! 

RIH 

B.OOH 

ANI 

04H 

JZ 

WLOOP2 

HVI 

SIH 

A.IBH 

LXI 

H.FSCAN 

LXI 
>  £I 

B,3680H 

RIH 

ANI 

JZ 

CALL 

HVI 

STA 

CALL 

«V1 

SIH 

LXI 

HVI 

«LQ0P3  El 
RIH 
ANI 
3Z 
MVI 
SIH 
LXI 
LXI 

FL00P3  £I 
dlH 
ASI 
JZ 

CALL 

HVI 


04H 

FLOOP2 

63FLKE 

A.OCCH 

LEDLTS 

LEO 

A.IBH 

H, WAITS 
P.OPH 


pjoe 


■.SET  FAST  SCAfI  VECTOR 
jFIRST  FAST  SCAH 

;Tl)RN  ON  LED  01 

|SET  WAIT  VECTOR 
•.WAIT  5  SECONDS 

iSET  FAST  SCAN  VECTOR 
•.SECOND  FAST  SCAN 

;TURN  ON  LED  02 

;SET  WAIT  VfCTOR 
iWAIT  5  SECONDS 


04H 

W1C'0P3 

A, ,18H 

H.FSCAN 

B. 36I10H 


C4H 

FLCP®3 

ISELNE 

A.PECh 


:SET  FAST  SCAN  VECTOR 
;THIRP  FAST  SCAN 

;TURN  ON  LED  03 
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TeklroriiT  8080/81)85 
00107  COF  380580 

00103  coc?  croooo  ) 

001  09  0ri55  81000!;  > 
CfillO  01C3  01  0500 
com  O'JOO  3F18 
00112  COCO  30 
00113  oi;:e  FB 
00114  OOCF  20 
00115  OOM  £804 
CFllb  0'C2  CFCEOO 
00117  00D5  5tFC 
00118  00D7  38052G 
0tii;9  OOtA  CDOOOC  > 
50180  ODDD  210000  ) 
00181  OOFO  01003E 
00188  00£3  110073 
00123  0C£6  3£1B 
00124  00E3  30 
00125  OOE*?  FB 
00U6  OOEA  20 
00127  OOFP  Efc04 
00123  OOFD  £^£900 
0C189  OOFO  COOOOO  ) 
00130  00F3  F3 
00131  00F4  3E1B 
001:38  C0F6  30 
00133  00F7  D801 
00134  0CF9  2F 
50135  OOFA  E603 
00136  OOFC  CAIBOO 
0C137  OOFF  DEOl 
10138  Old  2F 
0)13?  0102  £620 
00140  0104  CAA201 
00141  0107  0301 
00142  010?  2F 
00143  OlOA  £640 
00144  01 OC  CA7E01 
00145  016'  C38201 
00146  0112  0F1F1F2F 
00147  0116  3F3F4F4P 
00148  011  A  5F6F6F7F 
00149  CUE  eF8F9F9F 
00150  0122  7B 
00151  0123  210020 
00152  0126  96 
00153  0127  00 
00154  0128  57 
00155  012?  1E03 
00156  0123  210120 
00157  012E  4£ 

00158  012F  C60C 
00159  GI31  CDOOOO  ) 


ASM  1'3.3 

Pjqp  3 

STA 

LEOLTS 

CAIL 

LED 

LX  I 

H, PAUSE  ;E£T  PAlISE  VECTOR 

LXI 

BJOCOH 

m 

A, 1311 

SIh 

PL  OOF 

El 

RIM 

AM 

04H 

JZ 

PLOCP 

«VI 

STA 

CALL 

LXI 

A.OFCH  ;TURN  ON  LED  *4 

LEDLTS 

LED 

H.SSCAN  iSET  SLOW  SCAN  VECTOR 

LXI 

B.330QH 

LXI 

D,7390H 

«V1 

A.IPH 

SIM 

SLOOP 

El 

RIM 

AM 

04H 

JZ 

SLOOP 

CALL 

B3ELNE 

DI 

MVI 

A.IBH 

SIR 

IN 

1  JEST  FOR  OFF  MODE 

CNA 

ANI 

08H 

JZ 

RUNT 

IN 

1  -.TEST  FOR  BLANK  MODE 

CHA 

ANI 

20H 

JZ 

blank 

IN 

1  '.TEST  FOR  CALIBRATE  MODE 

CMA 

mi 

4  OH 

JZ 

CAL 

JRP 

TEST 

FR 

BYTE 

(IFH.1FH.1FH.2FH 

BYTE 

3FH,3FH,'‘FH,4'H 

BYTE 

5FH,6'^H.6FH.7FH 

BYTE 

8FH,8FH,?FH.?FH 

TEST 

MOV 

A.E 

LXI 

H.IBLANK 

SUB 

M 

NOP 

:UAS  DILUTION  FACTOR  (DF) 

MOV 

D.A 

MVI 

E.OOK  ; DIVIDEND  IS  READY 

LXI 

H.ICAL 

MOV 

C.M 

MVI 

P.OOH  -.DIVISOR  IS  READY  -  ICAL  (8  BIT) 

CALL 

DV1616 

9 


36 


f 


•  •  -V 


NWC  TP  6577 


TeFtronn 

8581/8-;t 

15 

ASH  Vi. 

3 

POfO 

OlTl 

78 

Knv 

OOlt'. 

01  ", 

360320 

STA 

001 

01  ■. 

7A 

MCM 

00163 

or',' 

338320 

STA 

C016A 

err 

crooo 

> 

CAIL 

00  lit, 

fl3T 

00 

NOP 

OOlit 

D109 

320020 

STA 

OOli? 

cri 

3rF0 

P.VI 

00140 

0105 

320520 

STA 

00169 

OlAA 

C.'.'OflJO 

) 

CAIL 

C0170 

0103 

?Fr,‘^ 

MVI 

00171 

OHD 

325A20 

STA 

00172 

9155 

320320 

STA 

90173 

8153 

80 

NOP 

0017A 

C150 

CTOOOO 

> 

CALL 

00175 

0157 

3; 0020 

LDA 

00176 

015h1 

FEOA 

CPI 

00177 

015C 

D26I01 

INC 

08178 

015F 

FbfO 

OR  I 

00179 

016! 

320A23 

TESTl 

STA 

00180 

0160 

3A0320 

LDA 

00181 

0167 

OF 

RRC 

00182 

0163 

OF 

RRC 

0(1183 

0U9 

OF 

RRC 

00180 

016ft 

Of 

RRC 

00185 

0148 

E40E 

ANI 

0C1S6 

016& 

1600 

«VI 

00187 

014F 

5F 

nov 

00138 

CI70 

211201 

LXI 

00189 

817.3 

19 

DAD 

00198 

8170 

7E 

HOV 

00191 

8175 

320320 

STA 

09192 

9173 

CDOOOO 

> 

CALL 

00193 

0173 

C3l8Cfl 

;hp 

00190 

017E 

78 

CftL 

MOV 

00195 

017F 

219020 

LXI 

00196 

0182 

96 

SUB 

00197 

1183 

OR 

NOV 

00198 

8180 

0400 

MV  I 

0019? 

01 '3.5 

21.5720 

LXI 

0820C 

0189 

5E 

NOV 

10201 

r3A 

CDOOOO 

) 

CALL 

00202 

C’ED 

7C 

NOV 

00203 

0192 

520125 

STA 

10200 

8)91 

CDOOOO 

> 

CALL 

0C2C5 

0190 

181420 

STA 

00286 

0197 

:-‘Fii 

NVl 

00287 

0199 

520520 

STA 

0028.8 

019C 

CDOOOO 

) 

CAIL 

00209 

CPF 

C3IF00 

JN? 

08210 

8  M2 

73 

8LA* 

NOV 

00211 

01  A3 

52:020 

STA 

00212 

OlAtt 

CDGiOO 

\ 

CALL 

Pane  4 
ft.C 

ITFST+1  iSTCRfS  HEX  F!"lCTKL  VALOf 
A.D 

ITEET  iSTC^FS  INTEE^R  VAPJE 
DEC  -.CONVERTS  INTEGER  INTO  PCD 

LEDDGT 
ft, Of  OH 
LEDETS 
LED 

ft.OFFH 

PFIFID 

PFIELD+1 

PRHTL  1  ADVANCE  PAPER 

LEDDGT 

OAH 

TEST1 

aFOH 

PFICID  : INTEGER  IS  READY 
lTEST+1  iBEGIN  FRCTNL  PRCSSG 


OFH 

D. ODH 

E. ft 
H.FR 
D 

A. N 

PEIELD^l  ;tND  FRCTNL  PROCSSG 
PRNTL  -.PRINT  RESULT 
RUNT 
ft.E 

H.IDlfiNK 

H 

C.ft 

B. OOH 

H.DECCS  -.DECCS  EEING  'JEED 

E.N  :CS  =  SETTING  GN  FRONT  PANEL 

DIV 

ft.H 

ICAL 

DEC 

LEDDGT 

ft  CfOH 

LEDLTS 

LED 

RiNT 

ft.E 

IDLANK 

DEC 
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Tektrtnii  BOBO/BOBS  ASH  V3.3 

05211  01A9  l?i!<20  S 

0(j5i4  OlAC  3'''^0  ! 

C0215  OlAE  321120  •: 

00216  OlBl  CBOCOO  >  \ 

00217  01B4  CDOOOO  )  I 

00218  01B7  3A0920  | 

00219  01BA  320A20  • 

00220  0160  ;'A'id20 

00221  OICO  320B20  • 

00222  01C3  CDOOeO  >  I 

00223  01C6  C31BOO 

00220  i 

mzt 

00227  ■•'^ULTIP 

00228 

00229  0000  1600  ^  - 

00230  0002  lEOO  jyj 

00231  0000  7B  HIJL2  HW 

00232  0005  81 

00233  0006  DBOAOO  >  JNC 

00230  0009  10 

00235  COOA  5F  «Ul-t  Mv 

00236  00 OB  05  , 

00237  OOOC  C20000  ) 

00233  OOOF  C9 

0023?  ! 

niuTn 

00241 

110242  ;DIvIS 

loVy  iouon 

10200  0000  2600 
00205  ai02  7D 
00206  1003  EF 
00207  OOOO  5F 
00208  0005  16FF 
00209  0007  13 
00250  0008  79  BIV3 

00251  0009  83 
002^2  OCOA  D20E00  > 

00253  150D  M 

00250  OOOt  OF  D»V1 

10255  OOOF  78 
00256  0010  82 
00257  0011  FAIFOD  ) 

00258  0014  07 
00259  0015  20 
10260  0016  7C 
00261  CC17  FE63 
0026^  0019  CAl'^OD  ) 

00263  COIC  030300  > 

00260  COIF  C9  DIV2 


Pace  5 


STA  I-EIDCT 

HVI  A.OFCH 

STA  LECLTS 

CALL  LED 

CALL  THMl'HL 

LDA  DECHTH 

STA  PFIEID 

LDA  DECDAY 

STA  PFIELDM 

CALL  PPH.TL 

JhP  RUNT 

’  SECTION  HLl 
iHUlTIPLIER  INTO  RIG  B 

■PRODUCT^I^RETUSnId'iN  REGS  D  AND  E 
HVl  D.OOH 

HUI  E.OOH 

MIJL2  MOV  A.E 

ADD  C 

JNC  HULl 

IHR  D 

Nin  1  hOV  E  .A 


'  SECTION  OIV  .  ^ 

•DIVIDEND  INTO  REGS  B  AND  C 
IdIVISOR  INTO  REG  E 
jOUOTIENT  is  returns  in  REG  H 


E,A 

D.OFFH 

D 

A,C 

E 

DIVl 

8 

C.A 

A,  6 
J> 

D1V2 

B. A 
H 

A.H 

63H 

■irIV2 

DIV3 


;ADP  LOW  BYTES 

;ADD  HIGH  BYTES 
•JEST  FOR  SIGN  CHANGE 
•JEST  FOR  DIVIDEND  OVERRUN 


NWC  TP  6577 


Tektronix  8030/8085  ASH  V3.3  Page  b 

S»26i  SrClM)  OEC 

Il!i267  iVAl'JE  IM  PEG  A  IS  CONVERTED  EROH  HEXADfCIHflL  TO  DECIHAL 


00268  C'CC  FF63 

CPJ 

63M 

00269  0002  !'.".R00 

> 

]C 

DEC3 

0(l2?0  7L99 

hVl 

A,99H 

00271  000/  C9 

RET 

80272  0008  FfOA 

DfC3 

CPI 

OAH 

00273  00 OA  DFilEDO 

> 

INC 

CEC2 

80274  too?  C9 

RET 

E.OOH 

00275  OCOE  lECO 

liEr2 

fiVI 

00276  0010  D-.OA 

Di'Cl 

sur 

CAN 

60277  15I2  1C 

IKR 

CPI 

r 

00278  0013  FFOA 

OAH 

60279  0015  D21000 

> 

JNC 

DFCl 

00280  0018  57 

HOV 

D.A 

00281  0019  78 

HOV 

A.E 

80282  flflIA  07 

REC 

00283  0018  07 

RLC 

00234  OOlC  07 

RLC 

60285  OCir-  07 

ILC 

00286  OOIE  82 

ADD 

D 

00287  OCIF  C9 

RET 

00288 
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A - 0I1J7 

3 - 

0000 

C - 

0001 

{ - 

0002 

f - 

0003 

H . «004 

ooos 

H - 

OOlb 

PSD - 

OCOb 

SP - 

ODOb 

DEC  Section  (0t29) 

DECl  —  1010 

tEC2  — 

OOOE 

DECS  — 

0003 

DIV  Sectin  (0029) 

DlVl  —  oeoE 

DIV2  — 

lOIF 

tin  — 

0008 

MAIN  Section  Absiliite 

<20IF) 

SEGIN  --  003D 

BLANK  — 

01A2 

CAL  - 

I17E 

enutn  - 

20  or  c 

cs - 

290b 

Drees  --  2007  G 

DEGDAT  - 

2008  C 

DECHTH  - 

2009  ( 

FLDOPl  - 

OOSF 

FL0DP2  - 

0039 

FL00P3  -  0003 

F«  - 

0112 

lOLANO  - 

2000 

IGAl  — 

2011 

ITEST  - 

2002 

LEODGT  -  2004  G 

LEDLTS  - 

200S  G 

PFIELD  - 

200A  C 

PLOOP  - 

DOGE 

OUtll  — 

OdlB 

PUKTl  -  0024 

w,vr2  - 

0030 

SLOOP  - 

0029 

FEHP  — 

2toe  c 

TEST  — 

0123 

TE5T1  -  Otbl 

ULOOPI  - 

004f 

H.00P2  - 

0079 

8U)0P3- 

ttA3 

KUL  Scctilfi  (Ollt) 
KULl  —  IlOA 
BSELNS  Unbiinb  Clobil 
tVlilb  Unbamib  Glibal 
FSCAH  Unboind  CUbal 
fSCt  Unbianil  Global 
LCD  UnboRid  Cltbal 
PAUSE  Unbxnd  Glibal 
PDNTl  Unbtind  Citbal 
SSCAH  Uabtand  Clibal 
TKHVil  Unbiind  Glib  a  1 
VAITS  Unbiind  Glibal 


2S3  Siirce  Lines  238  Assenbled  Lines  H347  Sites  eeiilible 
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r 


K.' 

» 

r 

L* 

b 

'P 


■V 


Tektronix  81180/8085  ftSlt  V3.3 

Piije  2 

OOCS^  0023  D300 

OUT 

0 

00055  0025  3E9F 

HVI 

A.9FH 

OOnSO  0027  DZOO 

OUT 

0 

00057  0D2V  73 

HQV 

A.B 

•.OUTPUT  HIDDLE 

%  .  . 

00059  OCPft  E40F 

ANI 

OFH 

\- 

00059  (i?2C  F640 

OR  I 

40H 

*  *  • 

00060  0I2F.  2f 

CHA 

00061  flO?F  D300 

OUT 

0 

06062  0031  E6l'F 

ARI 

OPFH 

00063  0033  D300 

OUT 

0 

00064  0035  3E5F 

HUI 

A.5FH 

00065  0037  D300 

OUT 

8 

00066  0039  78 

HQV 

A.B 

; OUTPUT  UPPER 

00067  003A  IF 

RAR 

10  068  0038  IF 

RAR 

0006?  003C  IF 

RAR 

00070  003D  IF 

RAR 

'•.  -  • 

00071  083F  E60F 

ANI 

OFH 

00072  0040  F680 

ORI 

BOH 

* 

00073  0042  2F 

CMA 

00074  0043  D380 

OUT 

0 

00075  0045  E6DF 

ANI 

ODFH 

00076  0047  0300 

OUT 

0 

•*« 

00877  004?  3E1F 

HVI 

A.IFH 

00078  004B  D300 

OUT 

0 

0007?  0040  3E3F 

HVI 

A.3FH 

;LATCH  OUTPUT 

■  *  1 

00080  D04F  0308 

OUT 

0 

. . . 

00081  0051  F3 

DI 

•.RESET  INTERRUPT 

00082  0052  3E10 

HVI 

A.IOH 

00083  0854  30 

SIH 

iCLEAR  THE  RST  7.5  LATCH 

'  ‘  .  ■’  .*4 

00084  0U55  FI 

POP 

PS« 

!■  '■  J 

00085  0056  C? 

RET 

4 

00086  0057  3E1B 

HILLF 

HVI 

A.IBH 

00087  005?  30 

SIH 

iRESET  THF  RST  7.5  LATCH 

00088  005A  216300 

) 

LXI 

H.FSCD 

iSFT  FAST  SCAN  RETURN  VECTOR 

0008? 

•.20  SEC  RAP.P  BACK  TO  INITIAL  V. 

00090  005D  0130EC 

LXI 

B.0EC38H  '.PEAK  AT  1.2V 

00091  0060  C364i)0 

) 

JHP 

FSCDl 

00092  0063  F5 

FSCD 

PUSH 

PSV 

00093  0064  79 

FSCOl 

HOV 

A.C 

00094  0065  D67E 

SUI 

87EH 

*  •  *' 

00095  0067  D26000 

) 

JKC 

HERR 

•.SUBTRACT  07E  CHUNKS 

00096  006A  85 

OCR 

B 

•.FFOH  REG  B-C  UNTIL 

00097  006B  4F 

HERS 

HOV 

C,A 

iRF.G  B  EQUALS  3B 

00098  006C  78 

HOV 

A.B 

0009?  0060  0600 

SUI 

OOH 

OOIOO  oosr  47 

HOV 

B.A 

00101  0070  FE3B 

CPI 

03BH 

00102  0D72  DA790I 

> 

JC 

KILL2 

80103  0075  79 

HOV 

A.C 

-*.  •  ■. 

00104  0076  831700 

> 

JHP 

FOUT 

00105  0879  3ECF 

KILL2 

HVI 

A. OFH 

•.SET  END  INDICATOR 

00106  007B  30 

SIH 

;DISABLE  RST  7.5  INTERRUPT 

-*  ■  ■ 

•  *••  "V 
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08107  PS7C  FI 

POP 

PSN 

OOIDB  007D  C9 

RET 

0010? 

• 

00110 

SECTION  VAIT5 

18111 

:5  SECOND  WIT  ROUTINE 

80112  8000  F5 

PUSH 

psy 

0C113  8881  7S 

NOV 

A.6 

tINCREHENT  COUNTER 

80114  8082  CE82 

ACI 

82H 

80115  8804  FECa 

CPI 

0C8H 

jTEST  FOR  DONE 

08116  8006  CAIOOO 

)  JZ 

riLLR 

00117  0809  47 

HQV 

B.A 

00118  D80A  F3 

DI 

:RESET  INTERRUPT 

00119  080B  3E10 

HVI 

A.IOH 

00128  808D  30 

SIH 

10121  eoOE  FI 

POP 

PSN 

00122  OOOF  C9 

RET 

60123  0810  3E8F 

KILLU  NVI 

A.OFH 

:SET  END  INDICATOR 

00124  0812  30 

SIN 

08125  8813  Ft 

POP 

PSN 

10126  0014  C9 

RET 

10127  ; 

00129  SECTION  PAUSE 

00129  ;6I  SECOND  WAIT  ROUTINE 

00130  8000  F5  PUSH  PSN 

00131  0001  79  HOU  A.C  jINCREIKNT  COUNTER 

00132  0002  CE37  ACI  37H 

00133  0004  D20B0O  >  JMC  PCONT 

08134  OC07  04  I«  0 

00135  0008  CA12fl0  >  JZ  KILLP  JEST  FOR  END 

00136  0808  4F  PCONT  NOV  C.A 

08137  OOOC  F3  DI  jRFSO  INTERRUPT 

00138  080D  3E10  HVI  A.IOH 

00139  OOOF  30  SIN 

00140  1110  FI  POP  PSN 

00141  0011  C9  RET 

00142  0012  3E0F  KILLP  NVI  A,0FH  -.SET  END  INDICATOR 

08143  0014  30  SIN 

00144  CJ15  FI  POP  PSN 

00145  8016  C9  RET 

00146  ; 

00147  SECTION  SSCAH 

80148  iOESERATES  RArP  OUTPUT  FPON  STARTING  VALUE  IN  REGS  B  AND  C 

00149  iCOhPLETE  IN  100  SECONDS 

00150  ‘.beginning  of  rlEiSL'RENENT  NINDOH  IS  IN  REGS  D  AND  E 

00151  ‘.PEAK  MEASURED  VAUJE  IS  RETURNED  IN  R.EG  £ 

00152  0000  F5  PUSH  PSH 

00153  0001  3EDF  NVI  A.8DFH 

00154  0003  D300  OUT  0 

00155  0005  3£'j0  PVl  A.80H  iREAD  OUTPUTED  VALUE 

00156  0007  0:12  OUT  2 

1(157  00(9  3Et6  NVI  A.IOH 

10158  808B  8302  OUT  2 

00159  OOOD  3EBC  HVI  A.OBCH  -.CHANGE  HUX  ADDRESS  FOR  HEASUREMENT 
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Telitronj»  8080/8085  ftS«  V3. 3 


01160  OOOr 

0G16I  oon 

0016?  0013 
00163  U014 
00164  0016 
00165  0019 
00166  com 
00167  C01C 

00168  eoiD 

0016?  OOIE 
00170  OOIF 
00171  Ofl?2 
00172  0024 
00173  0527 
00174  0029 
00175  OOPS 
01176  0020 
00177  I52E 
00178  00?F 
00179  0930 
0018)  0032 
00181  0034 
00182  0035 
00183  0037 
00164  003A 
00185  CO?B 
00136  003E 
00137  0040 
00188  0043 
09189  0045 
00190  0046 
00191  0048 
60192  0046 
00193  004C 
00194  004F 
00195  0059 
00196  0052 
00197  0053 
00193  0055 

10199  0057 

10200  0059 
00201  0G5B 
10202  0059 
00203  005F 
0OPO4  9!;6] 
00205  0062 
ie?l6  0064 
102)7  0067 
00208  0969 
00209  0C6A 
00211  0366 
00211  G56C 
10212  0069 


9301 

DBOl 

2F 

E610 

C’llOfl 

9830 

2F 

95 

BA 

91 

D23E00 

FECC 

9A3I1I)0 

3EE4 

9301 

SEOF 

30 

FI 

C9 

3EB4 

9301 
79 

CEOC 

927800 

04 

C37890 

FEfi6 

9A4F00 

UFO 

79 

CEOC 

D278C0 

04 

€37801 

7A 

C602 

57 

3E90 

9302 
3E10 
9302 
3EB4 
9301 
9B81 
2F 
E610 
C25F0) 
OBOO 
2F  . 
95 

BB 

91 

9A71B0 


BIT 

SLOOPl  IM 
CHA 
ANI 
J«Z 
IN 
CHA 
PUSH 
CHP 
POP 
JHC 
CPI 
JC 
«VI 
OUT 
HVI 
SIH 
POP 
RET 

m 

OUT 
HOV 
ACI 
JNC 
IM) 
JHP 
CPI 
JC 
HVI 

nov 

ACI 

JNC 

INR 

JIf 

IKGATE  HOV 
ADI 
HOV 
HVI 
OUT 
HVI 
OUI 
HVI 
OUT 

SL00P2  IN 
CHA 
ANI 
JNZ 
IN 
CHA 
PUSH 
CHP 
POP 
JC 


OTPT 


HSHT 


1 

1 

lOH 

SLOOPl 

0 

D 

0 

V 

HSHT 

CCCH 

OIPT 

A.0B4H 

1 

A.OFH 


PSU 


A,0B4H 

Lc 

OCH 

SOUT 


sour 

0A6H 

INGATE 

9.0FOH 

A.C 

OCH 

SOUT 

B 

SOUT 

A.O 

t2H 

9.A 

A.06H 

2 

A,10H 

2 

AJB4H 

1 

1 


lOH 

SL00P2 

0 

9 

t 

B 

PxsrE 


•JEST  FOR  HEASUREHENT  TIHF. 

•JEST  FOR  END 
jRESET  HUX  ADDRESS 
jSn  END  INDICATOR 

:R£S£T  HUX  ADDRESS 
JfffRErtDiT  COUNTER 


•JEST  FOR  SAHPLE  PERIOD  END 
JNCREHENT  COUNTER 


JNCREHENT  SAHPLE  TEST  POINT 

•.SAVE  INCREKENTED  SAHPLE  TEST  POINT 
JEAD  DATA 

jRESET  HUX  ADDRESS 


•.TEST  FOR  NEW  PEAR  DATA  VALUE 


NWC  TP  6577 


Tektronii  8080/2085  ASK  V3.3 


00?!/  0'I7(>  f-F 
00214  0071  79 
C!)?1‘.  0072  CFOC 
00216  0074  D27800  > 
00217  0)77  04 
0n213  0C78  4F 
00219  0079  IF 
C0220  i)07A  IF 
00221  007B  IF 
00722  007C  IF 
0C223  0C7D  EFOF 
00224  0C7F  2'F 
00225  ooao  im 
00226  0)82  F61;F 
00227  0084  0300 
00228  0086  3r9F 
00229  0088  D300 
00230  0C8A  78 
00231  008P  E60F 
00232  058D  F640 
00233  003F  2F 
00234  0090  0300 
60235  0092  EfcDF 
00236  0074  0300 
00237  0096  3F'..F 
00238  0099  0300 
03239  G0?A  78 
00243  009B  IF 
00241  C.09C  IF 
0  0  242  0098  IF 
00243  009E  IF 
80244  009F  E60F 
00245  OOAl  F68(l 
00246  COAl  2F 
03247  OOA4  D393 
00248  00/6  E6DF 
80249  00A3  D3D0 
00250  03AA  3'IF 
00251  COAC  D30.) 

80252  OiimE  3f5F 

80253  0080  D3C0 
00254  0082  F3 
00255  0013  3E10 
00256  0085  30 
00257  5;B6  FI 
80258  5087  C9 


MOW 

E.A 

UKSDE 

KOU 

A.C 

ACI 

OCH 

JNC 

SOUT 

IFR 

B 

SHUT 

hC‘V 

C.A 

RAR 

RAR 

RAR 

RAR 

ANI 

OFH 

CHA 

OUT 

0 

ANI 

8DFH 

OUT 

8 

HVI 

A.9FH 

OUT 

8 

HOU 

A.6 

ANI 

OFH 

ORI 

4  OH 

CHA 

OUT 

8 

ANI 

ODFH 

OUT 

0 

HVI 

A.5FH 

OUT 

0 

m 

A. 8 

RAR 

RAR 

RAR 

RAR 

AN] 

OFH 

ORI 

80H 

CHA 

OUT 

8 

ANI 

tIFH 

OUT 

8 

HUI 

A.IFH 

OUT 

8 

HVI 

A.3FH 

OUT 

0 

Cl 

HVI 

A,10H 

SIH 

POP 

PSU 

RET 

P 

lINCREKEHT  COL'flTFR 
;OUTPUT  LOViCR 

lO'JTPUT  HIDDLE 

iOUTPUT  UPPER 

:LATCH  OUTPUT 
iRESET  INTERRUPT 


NWC  TP  6577 


V 


Tekirinii  8631/608:  AS8  V3.3  SiRbil  Tibl« 
Scilir^ 

A - gt07  I - tooo 

H -  0004  L  -  0005 

BSELNt  SecUin  (0O2SI 

F5UN  Sfctiin  (007E) 


Four  —  1017  FSCO  —  0083  C 

KIUF  -  50:7  ZOT  - OOOC 


FMJSE  Sectiin  II0I7) 

KIUP  '■  0012  FCONT  -  0008 

SSCAN  Secliid  <10831 

l«S0£  -  0071  ItKATE  -  084F 

SL00P2  -  00»^  SOUI  —  0078 

MAIT:  Sfctlin  lOOlSl 

XaLN  -  8010 


Pkge 


C -  0301 

A -  0008 


FSCtl  -  0084 


IlSNI  —  003E 


t - (102  E  -  0005 

PSK - (008  SP -  0068 


HERO  —  (088  1102  -  807? 


DIPT  —  0030  SLOOPl  -  0011 


280  Siiircc  linn  280  AsSMblfO  Lines  14710  8«tes  oMileble 
>>>  He  4SStAbl(  errors  OtitcteO  (<< 
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Tektronii  8980/8085  ASH  V3.3 


1 


D0D91 

00902 

l'}3 


SECTIQM  P'JTSHF 

•.OUTPUTS  U,'.ai£  QF  CARRT  BIT  TO  SERIAL  OUTPUT  UITH  NECESSARY  CLOCI 
•.TRANSITIONS 


CC3T4  9009  DAOCflO 

> 

JC 

OUTl. 

OTTOS  fOaS  3E09 

HVI 

A,a8H 

COO'S  0005  30 

SIN 

00007  OOPS  3E0I 

MVI 

A,40H 

OOC^s  oiioa  39 

SIN 

OCO',9  9009  C31299 

> 

J«> 

0UT2 

OOO’O  COOC  3E80 

OUTl 

HVI 

A,8ilH 

00911  OOCE  31 

SHI 

00012  OOOF  3CCI 

NVI 

A,0C«H 

09013  0011  30 

SIN 

903H  0012  3EA4 

0UT2 

HVI 

A,0A4H 

00015  0014  D301 

OUT 

1 

09016  0016  3EB4 

HVI 

A,0B4H 

00017  0913  D301 

OUT 

1 

00018  OQIA  C9 

90017 

t 

RET 

03029 

SECTION  LED 

00021 

•.OUTPUTS  LEO  INDICATOR 

00022 

•.AND  LEDLTS 

00023 

GLOBAL 

LEDDGT.' 

00024  0000  0600 

HVI 

BOOH 

09025  0002  3A0000 

> 

LDA 

LEDLTS 

00026  0005  IF 

RAR 

00027  0096  IF 

RAR 

09023  0057  IF 

LED2 

RAR 

00929  0008  94 

IKR 

B 

00030  1909  4F 

HOV 

C.A 

00031  OOOA  CDOOOO 

> 

CALL 

OUTSHF 

00032  039D  73 

HOV 

A.B 

06H 

00933  OOilE  FE06 

CPI 

00034  0010  D2180I 

) 

HiC 

LE01 

00935  0013  47 

NOV 

B.A 

C003S  0914  79 

m 

A.C 

O'; 937  0015  C30700 

) 

IMP 

LED2 

00933  0913  0600 

LEDl 

NVI 

B.OOH 

OOJ39  COIA  3A0008 

> 

LDA 

LEDDGT 

00:'40  OOID  IF 

LED4 

RAR 

0'3341  001E  04 

INR 

B 

09942  lOlF  4F 

MOV 

C.A 

0C'J3  0920  CD009J 

> 

CALL 

OUTSHF 

00 0;23  73 

MOV 

A, 6 

00245  0'324  FE08 

CPI 

OSH 

C:94S  9926  D22E00 

> 

INC 

LE03 

00947  002?  47 

HOV 

B.A 

009^3  OOPA  79 

HCV 

A.C 

0.M47  0J2B  C31D00 

> 

IMP 

LEP4 

0G:!3  9:2-  2EB6 

LED3 

HVI 

A,9B6H 

C0951  0939  D391 

OUT 

1 

C9952  9032  3EB4 

NVI 

4.0II4H 

30053  0C34  D30t 

OUT 

1 

jCLOCX  HIGH 
iCLQCX  LOU 

INEORHATION  CONTAINED  IN  CONTROL  BYTES  LEDDCT 


iZEPO  COUNT  FiaD 
jOUIPUT  BLANKING  AND  LIGHTS 


'.2E?0  COUNT  FIEL# 
iOUTPUT  DIGITS 


;STR0BE  LED  LATCH 
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Tektronix  8080/803S 

OOi5T  1136  C? 

00055 

00056 

00057 

00058  0000  78 
00059  0001  IF 
OOCSO  0002  07 
0006)  0033  2D 
00062  0000  8681 
00063  0006  BO 
00064  1007  07 
00065  0003  3FA0 
00066  OOOA  D301 
0PC67  003C  3EB0 
00068  CODE  D301 
00069  0011  C9 
09971 
00071 
00072 
00073 
00074 

00075  0000  3EF4 
00076  0002  D30I 
00077  0004  3EB4 
09073  0Di)6  D301 
00979  0008  0690 
OOC63  OCOA  CD9JOO  > 
CCC91  0090  CDCOOO  > 
00C82  0010  CDOOOO  ) 
00983  0013  CDOOOO  > 
00964  0016  CDOOOO  ) 
00985  0019  CDOOOO  > 
099:6  GOIC  CDfOOO  > 
00937  OOIF  CDOOOO  > 
00983  9022  2I0GC0  > 
0C'>;?  0025  70 
00090  0026  0600 
00991  0023  CDOOOO  ) 
009”  0C2B  CDOOOO  ) 
OOf?]  Of-2£  CDOOOO  > 
00C94  0931  CDOOOO  > 
89095  0924  CDOOOO  ) 
09996  C:37  CD935J  > 
09997  0933  CDGOOfl  ) 
03093  CO-3  CD-OOOa  ) 
flCC”  0949  210300  > 
Oti'JO  £043  70 
09101  9944  0600 
60192  9J46  CDOOOO  ) 
0CU3  0949  CDCOOO  ) 
00104  034C  CD'OOO  > 
001 05  OOIF  CDOCOfl  > 
03 U6  3052  CDOOOO  ) 


ASH  V3.3  Faqe  2 

lET 

• 

’  SECriON  INSHF 

•.SERIAL  IN  DATA  IS  PLACED  IN  THE  HSB  POSITION  OF  REG  B 


NOV 

A,B 

RAR 

MOV 

RIH 

Mil 

8  OH 

ORA 

B 

MOV 

8,A 

MVl 

A,0A4H 

iCLOCX  HIGH 

OUT 

1 

HVI 

A,0B4H 

CLOCK  LOU 

OUT 

RET 

1 

SECTION  THMVHL  ' 

READ  THL‘Mfl.'H£EL  SNITCH  INFORMATION  INTO  DATA  BYTES  DECCS,  DECDAY,  AND 
DECMTH 


GLOBAL 

DECCS. DECD AY. DECMTH 

MVI 

A,0F4H 

jSTRQBE  THUMBNHEa  LATCHES 

OUT 

1 

MVI 

A;IB4H 

OUT 

1 

m 

BJOH 

;REA2>  m  CS  VALUE 

CALL 

INSHF 

CAli 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

LX  I 

H. DECCS 

MOV 

M.B 

MVI 

B.OOH 

;READ  BCD  DAT 

CALL 

INSHF 

CAa 

IKSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

IKSHF 

CALL 

INSHF 

LXI 

H.DECDAT 

MGV 

M.B 

MVI 

B.OSH 

iREAD  BCD  MONTH 

CALL 

INSHF 

CALL 

INSHF 

CALL 

INSHF 

CALL 

I.VSHF 

CALL 

INSHF 

48 


■y 


.  IF.  I  'I  m  U". 


e 
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Tektrcnii  8030/6085  ASH  V3.3 


00160  5006  a 
00161  OC'07  3M1 
0016'’  ij'’59  OlOflflO 

00161  croc  210000 

0Clt4  0"0F  7B 
00165  001!  17 
00166  OOn  5F 
00167  0012  7» 

00163  0013  17 
00169  OOlJ  57 
00170  0015  35 
0(1171  0016  C8 
00172  0017  79 
00173  0018  17 
00174  0019 
POJ75  t5lA  58 
00176  OOlB  17 
00177  OOlC  47 
00179  OfllD  28 
00179  OfllE  2B 

OOIF  79 
0020  9} 

!}21  4F 
0022  23 
1023  78 
0024  9E 
0025  47 
0026  023109  > 


00131 
00182 
00183 
05134 
00135 
00136 
03197 
00  •?3 
00189 
09190 
00191 
00192 
(I0173 


Iltt 

HVI 

LXl 

mrtT  LXI 
MOV 
DAL 
MOV 
NOV 
UAL 
MOV 
BCR 
RZ 
MOV 
RAL 
MOV 
MOV 
RAL 
MOV 
OCX 
OCX 

MOV 
809 
NOV 
IHX 
MOV 
SBB 
MOV 
3NC 


Paqe 

S.11H  ;5ET  C0UNTM7DECIMAL 

H  cSt  ^initially  is  17DECIKAL 
A,£ 


com 

03195 

00196 

00197 

03199 

00199 

00211 


002?  2B 
002A  79 
002B  86 
DOC  r 
0029  23 
03?£  78 
002F  8£ 

C13fl  47 

3F  ^ 
0032  C3!C(I0  > 


E.A 

A, D 

B, A 
H 

A.C 

S’,1 

5’‘ 

H 

A, C 
N 

C, A 
H 

5-' 

B. A 
HOABB 

BCX  H 
MOV  A.C 
ADD  a  ■ 
MOV  C,A 
IHX  H 
MOV  A,B 

®  S,A 

““  SS  Bran 


-.REG  H'L  KCV  POINTS  TO 
iDIVISOa  IN  MEMORY 


•IF  CY=0  CO  NOT  ADD  DIVISOR 
ItO  result  Of  PRV3  SBTRCTM 


•  "--4 
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Trktronii  8031/8035  O  VJ.3  Svntiil  Table  Fate  S 

Scalars 

d - J(I57  ( - giigt  C - llll  b  -  tttj 

H - L -  1005  N - lOOi  fS8 -  lOOb 

DVIbtb  Sccliin  (0135) 

mAK  -  >031  NXTBIT  -  lOOC 

INSHF  Seclitn  (1011) 

UO  Section  <0137) 

L£DI  —  1018  LE52  —  1117  LfD3  —  M2£  IIM  —  lilt 

QUTSHF  Section  (OQIB) 

OUT!  —  loec  oim  —  mz 

PiiNa  Section  (013C) 

PBMTLt  -  >011  PBNILZ  -  OIID  PONTIB  -  HOC  Plim.4  -  1033 

THKUHL  Section  (0063) 

COUNT  Unboiiid  Global  ' 

BCCCS  Unboond  Global 
CeCOdT  Unboond  Global 
DECblH  Unbound  Global 
UMCr  Unboond  Global 
UCITS  Unboond  Global 
PPIELI  Unboond  Global 
TEKP  Unboond  Global 


E - 1003 

5P - l»b 


Mims  -  1122 


201  Source  lines  201  bssenbled  Lines  14622  Bvtes  available 
)>)  No  assenblo  errors  detected  <(< 
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INITIAL  DISTRIBUTION 


9  Naval  Air  Systfnis  Command 
AIR-03B,  H.  Andrews  (1) 

AIR-0,3D.  G.  Heiche  (I) 

AIR-310C.  R.  Shumaker  il) 

AIR-320R,  H.  Rosenwasser  (1) 

AIR-330  (1) 

AIR-35  (1) 

AIR-5356A1  (1) 

AIR-7226  (2) 

5  Chief  of  Naval  Operations 
OP- 225  (1) 

OP-354  (1) 

OP-506  (1) 

OP-982E  (1) 

OP.982F  (1) 

1  Chief  of  Naval  Material  (MAT-08) 

5  Chief  of  Naval  Research.  Arlington 
ONR-440  (1) 

ONR-443  (1) 

ONR-460  (1) 

ONR-470  (1) 

ONR-472  (1) 

3  Naval  Facilities  Engineering  Command.  Alexandria 
Code  032.  S.  Hurley  (1) 

Code  112  (I) 

Code  54  (1) 

7  Nasal  Sea  Systems  Command 
SEA-04E  (1) 

SEA-05R1  (1) 

SEA-05R14  (1) 

SEA-05R16  (1) 

SEA-09B312  (2) 

SEA-62R32  (1) 

I  Commander  in  Chief.  U.S.  Pacific  Fleet  (Code  325) 

1  Marine  Corps  Development  and  Education  Command.  Quantico  (.Marine  Corps  Landing  Force  Development 
Center) 

1  Commander.  Third  Fleet.  Pearl  Harbor 

I  (.ommander.  Seventh  Fleet.  San  Francisco 

1  David  U  Tavlor  Naval  Ship  Research  and  Development  Center.  Bethesda  Code  2Sti2.  P  Sc  hatrbi  rgi 

1  Naval  .Academv.  .Anna)X)lis 

2  Naval  .\tr  Development  Center.  14‘arminster 

Code  (tOb  111 
Librarv  il) 

1  Naval  .Air  Propulsion  Center.  Trenton  (PE-Tl  A  F.  Klarmani 


7  Naval  C7i\il  EnKineering  Laboratorv ,  Fort  Huont'im- 
L03AP,  E.  Early  (1) 

L52,  E.  Lory  (1) 

1.54 

J,  (Iranc  (1) 

D,  Chan  (1) 

C.  lnu-1  (2) 

1,59,  D.  Brunner  (1) 

1  Na\al  Coastal  Systems  Center,  Fanaina  City  (Corle  112.2) 

1  Naval  Energy  and  Environmental  Siip|xirt  Aetivily,  Fort  Ilneneme 

2  Naval  Explosive  Ordnance  l)is|M).sai  Twhnology  Center.  Indian  Head 

Code  HD  (1) 

Tifhnical  l.ibrary  (1) 

1  Naval  Intelligence  Support  Center  (NlSC-60,  Library) 

■3  Naval  Ocean  Systems  Center,  San  Diego 

C(Kle  513 
S.  Yamamoto  (1) 

A.  Zirmo  (1) 

Cmle  51.31,  M.  H.  Salazar  (1) 

2  Naval  Ordnance  Station.  Indian  Head 

Code  E,  Follution  Abatement  Progrant  Manager  (1) 

Technical  Library  (1) 

.3  Naval  Kesearcb  Laboratorv 
CtKle  4300  (1) 

Code  6100  ll) 
l.ibrarv  (1) 

.3  Naval  Ship  \Vea|ion  Systems  Engineering  Station,  Fort  Hiieneme 
Coile  .5711,  Heixisitorv  (2) 

CtKle  .5712  (1) 

2  .Naval  Amphibions  Base,  Cororiadti 
SDV  Team  1(1) 

SEAL  Team  5(1) 

5  Naval  Snriate  Wea|Kins  Center.  Dahlgreii 
C  51 

J  Hromlieltl  111 
I).  Kiiodv'ii  (I) 

H.  Cibbs  (I) 

Code  651.  D.  Howe  (1) 
lechnical  Library  (1) 

5  Naval  Surface  Weapons  Center,  White  Oak  Lalxirattirv ,  Silver  Spring 

CtKle  Kll  (2) 

Code  H16,  J.  Hoffsoinmer  (1) 

Code  H17  (1) 

CtKle  H141.  C,  Young  (1) 
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